In this paper, a class of nonlinear impulsive delay harvesting Nicholson's blowflies model is considered. By employing the fixed point theorem of contraction mapping principle, some sufficient conditions for the existence of almost periodic solutions are obtained.
Introduction
Recently, many works have appeared about impulsive equations which have been used extensively in modeling many practical problems arising in the fields of sciences and technology. A lot of interesting results on impulsive effect such as stability, oscillations, asymptotic behavior have been reported, e.g., see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , and the references cited therein. Some authors have studied the periodicity of impulsive equations [13] [14] [15] [16] . Also there are many works devoted to the investigation of almost periodicity for impulsive delay differential equations [17] [18] [19] [20] [21] [22] . It is known that the periodically and almost periodically varying environment play important roles in many ecological and biological systems. Compare with periodic effects, investigation of almost periodicity than periodicity may more possibly draw close to the reality in ecology and biological systems especially.
In [21] , Li and Fan have considered the following impulsive delay Nicholson's blowflies model:
x ′ (t) = −δ(t)x(t) + p(t)x(t − mω)e −α(t)x(t−mω) , t > 0, t = τ k ; ∆x(τ k ) = b k x(τ k ), k = 1, 2, ...
In the nondelay case, system (1) has been shown that there exists a unique positive periodic solution which is globally asymptotically stable. In the delay case, the authors have presented sufficient conditions for the global attractivity of the solutions. The results imply that under the appropriate linear periodic impulsive perturbations, the impulsive delay equation (1) preserves the original periodic property of the nonimpulsive delay equation. In [22] , Long has discussed the positive almost periodic solution for a class of Nicholson's blowflies model with linear harvesting term as follows:
By using the fixed point theorem and the Lyapunov functional method, the author has established some criteria to guarantee that the solutions of this model converge locally exponentially to a positive almost periodic solution. Motivated by the above discussions, in this paper, we consider the existence of positive almost periodic solutions for the following nonlinear impulsive delay Nicholson's blowflies model with linear harvesting term:
By employing the fixed point theorem of contraction mapping principle which is different from [21] and [22] , some sufficient conditions for the existence of almost periodic solutions are provided.
Preliminaries
Definition 2.1. (see [23] ) The set of sequences {τ l k } = {τ k+l − τ k }, k, l ∈ Z is said to be uniformly almost periodic if for any ε > 0, there exists a relatively dense set in R, i.e., for any ε > 0, k ∈ Z, it is possible to find a q ∈ Z such that |τ k+q − τ k | < ε.
we denote the set of all sequences unbounded and strictly increasing with distance ρ(τ 1 k , τ 2 k ), the set P C(R, R) = {ϕ|R → R is continuously differentiable everywhere except at the points τ k , τ k ∈ B at which ϕ(τ − k ) and ϕ(τ + k ) exist, and ϕ(τ
Definition 2.2. (see [23] ) The function ϕ ∈ P C(R, R) is said to be almost periodic, if the following conditions hold:
(C1) The set of sequences {τ l k }, k, l ∈ Z is uniformly almost periodic; (C2) For any ε > 0, there exists a real number δ > 0, such that if the points τ 1 and τ 2 belong to same one interval of continuity of ϕ(t) and satisfy the inequality |ϕ(
(C3) For and ε > 0, there exists a relatively dense set M such that if τ ∈ M then |ϕ(t+τ )−ϕ(t)| < ε for all t ∈ R satisfying the condition |t−τ k | > ε, k ∈ Z. The elements of M are called ε-almost periods.
For system (3), we introduce the following conditions:
.., n) are positive almost periodic in the sense of Bohr; (H2) The set of sequence {τ l k } = {τ k+l − τ k }, k, l ∈ Z is uniformly almost periodic and there exists l > 0 such that inf
For convenience, let φ + = sup t∈R φ(t), φ − = inf t∈R φ(t) for a given bounded continuous function φ(t) defined on R. According to the condition (H1), it will be assumed that a
.., n). Together with the system (3) we consider the following linear system
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The solutions of (4) are written in the form
where
Lemma 2.1. (see [23] ) If a(t) is positive almost periodic function, then:
1. For the Cauchy matrix W (t, s) of system (4) there exists a λ > 0, such that
For any
3. Main Result 
< 1, where
Then there exists a unique almost periodic solution of system (3).
Proof. We denote X = {x(t)|x(t) ∈ P C(R, R), x(t) is an almost periodic function and the norm x = sup t∈R |x(t)|, so X is a Banach space. We define in X an operator Φ as follows
Let E = {x(t)|x(t) ∈ X, x ≤ ρ}, then E is a nonempty closed subset in X. Firstly, we will prove that Φ is a self-mapping from E to E. Since we only consider the existence of positive almost periodic solutions, so for arbitrary 0 < x ∈ E, from condition (H1)-(H5), it follows that Φx = sup
This means that Φx(t) belongs to E. On the other hand, using the triangle inequlity, we have
Noting that
Therefore, from (10) we have
Thus, we get
is a positive bounded constant. This means that Φ ∈ E.
Finally we prove that Φ is a contracting operator in E. Let 0 < x, y ∈ E, we get
From condition (H5), since N < 1, it follows that Φ is a contracting operator in E. According to the contraction mapping principle, there exists a unique positive almost periodic solution of system (3).
Example. We give the following illustrate example to demonstrate the results obtained in previous section.
′ (t) = −(96 + cos t)x(t) + (4 + sin holds. Thus system (14) exists a unique almost periodic solution x(t) satisfying that x ≤ 10.
